Two field experiments were conducted during the summer seasons of 2016 and 2017 at the Experimental Station Farm; South El-Tahrir; Horticultural Research Station, El-Behiera Governorate. This investigation aimed to study the effect of bio-fertilizer potassien(Bacillus circulance)in combination with different rates of mineral potassium fertilizer (0,32,64 and 96kgK2O/fed) on the growth, yield and quality characters of potato CV. Spunta . Potassium fertilizer at 64 or 96 kgK2O/fed with application of bio-K fertilizer promoted growth of potato and the highest mean value of plant height, number of leaves plant -1 , foliage fresh weight, leaves fresh weight, foliage dry weight, leaves dry weight , total chlorophyll and enhanced N, P and K uptake, as well as increased tuber weight ton/fed, average tuber weight and improved tubers quality characters expressed as dry matter, protein, starch, and total carbohydrates contents and specific gravity in the two seasons. It could be concluded that the interaction effect of inoculation potato tuber seeds with bio fertilizer at application of 67% (64 kg K2O/fed) of the recommended K level (96 kg K2O fed -1 ) increased the productivity of potato tuber and improved tuber quality characteristics, as the same as (96 kg K2Ofed -1 ). In addition to saving about 33% of potato requirement of K fertilizers and avoid environmental pollution hazards caused by excessive application of chemical fertilizers.
Impact of Potassium Fertilization Rates and Potassium Solubilizing Bacteria
Inoculation on The Growth, Yield and Quality Of Potato (Solanum Tuberosum L.)
INTRODUCTION
Potato (Solanum tuberosum L.) is one of the most important foods and cash crops cultivated worldwide under a wide range of climatic conditions. According to FAO (2009) , potato is the fourth most important food crop in terms of its production in the world, after wheat, rice and maize and potato is considered among the highly recommended food security crop that can safeguard low-income countries from the risks posed by rising international food prices FAO (2009) . Nutrition analysis showed that potato is a healthy food in terms of vitamins, minerals, proteins, antioxidants, essential amino acids and carbohydrates (Andre et al., 2007) . With the introduction of high yielding crop, Potato plants require much more potassium than many other vegetable crops; therefore it is also regarded as an indicator crop for K availability (Al-Moshileh and Errebi, 2004) .
Potassium (K) is an essential macronutrient for plant growth and most abundantly absorbed cation in higher plants. As more than 90 per cent of potassium exists in the form of insoluble rock and silicate minerals (Parmar and Sindhu, 2013) and are available in very low amount to the plants and at the same time excessive use of chemical fertilizers causing the depletion of potassium from its reserve in faster rate. As a consequence, potassium deficiency is becoming one of the major constraints in crop production. Deficiency of potassium can lead to plants with poorly developed roots, low seed production, slow growth rate, and a lower yield and becoming one of the major constraints in crop production. This emphasized an essential need to find an alternative indigenous source of potassium for maintaining potassium status and plant uptake in soils for sustaining crop production (Kumar and Dubey, 2012) .
Soil microbes have been reported to play a key role in the natural K cycle and could provide an alternative technology to make potassium available for uptake by plants (Rogers, 1998) .Therefore, potassium solubilizing microorganisms present in the soil can conserve the existing resources and avoid environmental pollution hazards caused by heavy application of chemical fertilizers.
Potassium solubilizing bacteria which is of rhizosphere origin has the ability to solubilize insoluble form of potassium by different mechanism like production of capsular inorganic, polysaccharides along with organic acid like tartaric and oxalic acid that leads to solublization of feldspar and illite to release potassium (Sheng and He, 2006) . As reported by previous researchers, Inoculation of seeds and seedlings of different plants with KSB generally exerted beneficial effects on growth of eggplant, pepper, cucumber, Okra, brinjal and potato (Han and Lee, 2005; Han and Lee, 2006; Sangeeth et al., 2012; Prajapati et al., 2013; Ramarethinam and Chandra, 2006 and Abdel-Salam and Shams, 2012) . These studies indicate that the use of KSB as bio-fertilizers for agriculture improvement can reduce the use of agrochemicals and support ecofriendly crop production (Archana et al., 2012) .
The current experiment was, therefore, designed to carry out a field trial on the effect of potassium rates along with potassium solubilizing bacteria on the growth, yield and quality characters of potato.
MATERIALS AND METHODS
The field experiments of this investigation were carried out during the summer seasons of 2016 and 2017 at the experimental Station Farm; South El-Tahrir; Horticultural Research Station; El-Behiera Governorate under a drip irrigation system.
The mean goals of these experiments were to investigate the influence of minerals potassium and bio-K fertilizer application and their combinations on vegetative growth characters, yield potentials and quality of potato plants (Solanum tuberosum L.) CV. Spunta Soil analyses of experimental sites:
Prior of initiation of the experiments, samples of the top soil layer (0-20 cm) from each experimental site were collected, air dried, ground, sieved through a 2 mm sieve and then subjected to determine some soil chemical and physical properties according to (Page et al., 1982) . These analyses were carried out at the Laboratory of Plant Nutrition Section; Soil Water and Environmental Research Institute. The results of these analyses are shown in Table (1) .
Treatments: Mineral potassium fertilization:
Four potassium rates were tested in this experiment (0, 32, 64, and 96 kg K2O of potassium sulphate (48% K2O) /fed), which were added on two doses through the drip irrigation system (fertigation), the first one which represents 30 % of the total amounts, was applied during the vegetative growth stage whereas the second portion; 70% of the total amounts was added during tuber initiation and bulking stage.
Bacterial inoculation treatments:
Potato (Solanum tuberosum L.) Seed pieces were surface-sterilized with sodium hypochlorite (10% v/v) for 8 min followed by extensive washing with sterilized distilled water. Potato seeds were inoculated by a commercial product of Agriculture Research Center called Potassien which contains Potassium Dissolving Bacteria (KDB) (Bacillus circulance) at the rats of 1200 gm. fed -1 . The inoculation process was performed by immersing the tuber seeds in potassien suspension containing 5% Arabic gum as an adhesive agent for 15 minutes just before planting. The inoculation process was repeated three weeks later as a side dressing beside the seed pieces. Tuber seeds of the uninoculated control were dipped in distilled water containing 5% Arabic gum for the same time (Ghoneim, 2005) .
Experimental layout:
The Experimental layout was a split plot design in a randomized complete blocks with three replications, Potassium fertilizer rates were arranged as the main plots and the bio-fertilizer treatments were assigned as the sub-plots .The plot area was 8 m 2 , each plot had one row 0.8 m width and 10m long and the distance between hills was 30 cm apart.
Potato tubers; cv Spunta (imported from Holland) were used in the present investigation and obtained from Agric. Res. Center (ARC), Ministry of Agric.The tuber seeds were planted on the 5 th of February, during 2016 and 2017 seasons. Nitrogen fertilizer in the form of ammonium sulphate (20.5 % N) and Ammonium nitrate (33.5% N) was added at the rate of 120 kg N/fed. Also, phosphorous fertilizer in the form of calcium super phosphate (15.5% P) and Phosphoric acid (80% P) was applied at the rate of 72 Kg P2O5 /fed. All Experimental plots received basal soil dressing, during soil preparation at the rate of 20 kg N as ammonium sulphate (20.5% N) and 40 kg P2O5 as calcium super phosphate (15.5% P). During the entire growing season the rest of nitrogen and phosphorus fertilizers were added through drip irrigation system three times per week at the rate of 100 kg N/fed as Ammonium nitrate (33.5% N) and 32 kg P2O5/fed in the form of Phosphoric acid (80% P). The injection of N, P and K fertilizers, through the irrigation water, usually starts after 10 minutes from the beginning of irrigation period and stops few minutes before the termination of irrigation to insure the washing of irrigation lines. Photosynthetic pigments: 0.02 g of leaves was grounded in 80% acetone for the determination of chlorophyll a, chlorophyll b, total chlorophyll contents and carotenoid contents according to Lichtenthaler (1987) .
Plant chemical analysis:
From the same plant sample taken for recording the vegetative features, random samples of the youngest expanded mature leaves were collected, washed with distilled water, weighed, oven dried at 70 °C till constant weight. The dried leaf materials were grind and homogenized, wet digested; using concentrated sulfuric acid and H2O2, and the contents of N, P and K were determined as follows: Nitrogen content (%): Nitrogen percentage in leaves was determined by micro kjeldahl method according to Page et al. (1982) . Phosphorus content (%): Phosphorus was determined colorimetrically as described by Singh et al. (2005) . Potassium content (%): Potassium was determined by flame photometer as illustrated by Horneck and Hanson (1998) . Tuber Yield and its components: Harvest was carried out 110 days after planting. The harvested tubers were weighed, counted and the following characters were calculated: The number of tubers plant -1 , tuber weight (g) plant -1 , tuber yield plant -1 (g) and total tubers yield per fed -1 (ton)
Tubers quality characters: Tuber samples from each subplot was saved to determine total carbohydrates content as outlined by (Malik and Singh, 1980) , tuber dry matter content, tuber specific gravity was determined from the raw tubers as follows: Specific gravity (g/cm 3 ) = Tuber mass (g)/ tuber volume (cm 3 ) as described by Dinesh et al. (2005) and Tuber reducing sugars content (%): determined calorimetrically, according to the method of Dubois et al. (1956) . Statistical Analysis: All obtained data of the present study were, statistically, analyzed according to the design applied using (Costat software, 1985) . The comparisons among means of the different treatments were carried out, using the Revised L.S.D. test as illustrated by El-Rawy and Khalf-Allah (1980) .
RESULTS AND DISCUSSION Vegetative growth characters: Effect of potassium:
Vegetative growth of potato plants were significantly affected by potassium (K) treatments in both seasons ( Table 2 ). The gradual increase of potassium application up to 96 kg K2O fed -1 , resulted in significant increase on all vegetative growth characters compared to control treatment i.e. plant height, number of leaves plant -1 , foliage fresh weight, leaves fresh weight plant -1 , foliage dry weight, Leaves dry weight and leaves area on both seasons of study. Such a positive effect of Potassium could be explained on the ground that potassium plays an important role in plant growth and development. Its role is well documented in photosynthesis, increasing enzyme activity, improving synthesis of protein, carbohydrates and fats, translocation of photosynthetic materials, enabling their ability to resist pests and diseases. Also, potassium is considered as a major somatically active cation of plant cell Mehdi et al. (2007) . Moreover potassium is an important nutrient for plant meristematic growth and physiological functions, including regulation of water and gas exchange in plants, protein synthesis, enzyme activation, and photosynthesis and carbohydrate translocation in plants. Potassium has favorable effects on metabolism of nucleic acids, proteins, vitamins and growth substances Bednarz and Oosterhuis (1999) . These results are in general agreed with those reported by Elhakim et al. (2016) found that, increasing Potassium fertilizer up to100 Kg Fed-1 gave the highest mean value of vegetative growth characters of potato plants. Also, Helal and Abd Elhady (2015) indicated that, the level of 50 and 75 K2O Fed -1 improved plant growth significantly of potato in both seasons. Al-Moshileh et al. (2005) reveled that increasing potassium sulfate rates resulted in a significant increase of plant height and leaf area of potato plants.
Effect of bio-K fertilizer:
The effects of (potassien) on vegetative growth characters of potato plants in both seasons are showed in (Table 2) . Potassien inoculated plants showed significant increments in all the studied vegetative growth characters; plant height, number of leaves plant -1 , foliage fresh weight, leaves fresh weight, foliage dry weight, leaves dry weight and leaves area on both seasons compared to uninoculated ones in both seasons. The enhancing effect of potassium dissolving bacteria inoculation on plant growth may be attributed to its beneficial effects on the solubilization processes of silicate minerals (Deka and Dutta, 2000 and Marschner, 1997) . They added also that these microorganismssolubilize K-bearing minerals to free K for plants. This solubilization effect is generally due to the production of certain organic acids and enzymes by KDB. In addition, they are also known to produce amino acids, vitamins and growth promoting substances like indole-3-acetic acid (IAA) and gibberellic acid (GA3) which help in better growth of the plants Ponmurugan and Gopi (2006) . These results are in agreement with those found by Lynn et al. (2013) who observed that increments in tomato biomass and K uptake estimated by 125 and 150 % respectively due to inoculation of silicate-dissolving bacteria as compared to un-inoculated plants. Also, Prajapati et al. (2013) found that inoculation of potassium-releasing bacteria Enterobacter hormaechei and fungi Aspergillus terreus increased the root and shoot growth of okra, and both microorganisms were able to mobilize potassium efficiently in plants.
Interaction effects between potassium and bio-K fertilizer: Table ( 3) showed that there were significant interaction effects between potassium rates and bio-K fertilizer on all the studied vegetative growth parameters i.e. Plant height, number of leaves plant -1 , foliage fresh weight, leaves fresh weight, foliage dry weight, leaves dry weight and Leaves area compared to control treatment in the two seasons. The favoring effect of inoculation with bio-K fertilizer on vegetative growth characters, varied according to the used potassium level. The combined treatment, which included potassium rates of 64 or 96 kg K fed -1 and bio K-fertilizer gave higher mean values of all the studied growth characters, in both seasons except the leaves area which showed higher values by K application rate of 64 than 96 K2O fed -1 . Similar conclusions were previously recorded on potato plants by Mohammadi et al., (2013) ; Elhakim et al. (2016); Janmohammadi et al. (2016) and Ahmed et al. (2009) . Photosynthetic Pigments: Effect of potassium:
Table (4) showed the effects of various potassium rates on chlorophyll a, chlorophyll b, chlorophyll a+b and carotene contents were significant relative to the uninoculated treatment and the trend was approximately similar, on both seasons. The gradual addition of K up to 96 kg K2O fed -1 , resulted in significant increments of chlorophyll a, chlorophyll a+b and carotene contents of potato plants on both seasons compared to the control treatment. However, the statistical comparisons among the different K rates showed that the highest two levels (64 and 96 kgK2 fed -1 ) appeared to be sufficient for the plants to express the highest chlorophyll b content in leaves of potato plants on both seasons. Wang et al. (2013) and Salami and Saadat (2013) pointed out that K plays an essential role for many processes needed to sustain plant growth and reproduction i.e. photosynthesis, translocation of photosynthesis products. Similar result was reported by Abd El-Latif et al. (2011) working on potato plants who found that increasing potassium rates had a significant effect on chlorophyll and carotenoid contents. Also, Singh and Lal (2012) demonstrated that Chl a, Chl b and carotenoid increased significantly by increasing potassium fertilization up to 100 kg K2O ha -1 . Table ( 4) indicated that inoculated potato plants with the bio-Potassium fertilizer (potassien) was superior compared to uninoculated plants in terms of chlorophyll a, chlorophyll b, chlorophyll a+b and carotene content on both seasons. Such promoting effects of biofertilization on photosynthetic pigments might be attributed to its stimulating effects on vegetative growth, photosynthetic pigments and mineral contents, which in turn, reflected positively on photosynthetic pigments on tomato plants Barakat and Gabr (1998) . Similar results were also obtained by Gabr et al. (2001) and Fawzy et al. (2012) working on sweet pepper. Interaction effects between potassium and bio-K fertilizer: Table ( 5) indicated that fertilizing potato plants with 64 or 96 kg K2o fed -1 plus inoculated potato with bio-K (potassien) was responsible for the Increasing values of all pigment traits on both seasons. The same trend was recorded by Ahmed et al. (2009) who found that the highest photosynthetic pigment values were recorded with potato plants which received potassein as bio-K fertilizer at the level (3 L /fed) combined with potassium sulphate as mineral-K fertilizer at the level (90 kg KO2 /fed) in both seasons. This trend was also obtained by (El-Banna and Tolba (2000); Elhakim et al. (2016) and El-Shimi et al. (2002) . who reported that application of K rates and bio-K fertilizer significantly increased photosynthetic pigment values. ) produced the highest mean values of N, P and K contents of leaves and tubers on both seasons. Adding 96 kg K2O fed -1 have resulted in 52.4and 49.0%, 74.3and 79.2%, 42.4 and 40.3% increments in the first and the second seasons for N, P and K content of potato leaves respectively, meanwhile the corresponding increased values in the first and the second seasons for N, P and K content of potato tuber were 27.7 and 27.7%, 112.5 and 110.8%, 57.6 and 56.3%, respectively. These results agreed with those of Elhakim et al. (2016) who found that significant increases of nitrogen and potassium contents when potato plants received potassium fertilization at the rates 60 or 120 kg K2O fed -1 . Also, Singh and Bansal (2000) reported that application of different sources of potassium gave the highest values of N, P and K content of potato plant compared to control treatment. Similar findings on the mineral contents of potato plants were reported by El-Sayed et al. (2014) who stated that potassium fertilizer significantly improved leaves content of phosphorus (P) and potassium (K) of potato plants. Moreover, Abou zeid and Abd El-Latif (2017) found that nitrogen (N), phosphorus (P) and potassium (K) contents of potato plants increased with increasing potassium rates up to 120 kg K2O fed -1 . Wallingford (1980) mentioned that potassium is involved in the activation of more than 60 enzymes, which are necessary for essential plant processes such as energy utilization, starch synthesis and N metabolism and respiration.
Effect of bio-fertilizer:

Effect of bio-K fertilizer:
The inoculation of potato plants with bio-K (potassien) fertilizer was significantly associated with the higher contents of N, P and K contents of leaves and tubers relative to the un-inoculated plants on both seasons Table (6). The increments of N, P, and K content in leaves were 28.8 and 12.8%, 14.4 and 27.7%, 13.7 and 17.2% in the first and the second seasons respectively. On the other hand the increments of elemental contents in tube were 17.1and 16.7 %, 16.8 and 18.9% and 28.7and 26.7% in the first and the second seasons for N, P, and K content respectively. Similar results were reported by Xue et al. (2000) and Sheng et al. (2003) who found that K dissolving bacteria could improve soil P and K reserves and promoted plant growth . Also, Lin et al. (2002) recorded increases of K and P content of tomato plant by 125% and 150% respectively, compared to non-inoculated plants due to inoculation of potassium dissolving bacteria (Bacillus mucilaginosus). Similarly Afify and Bayoumy (2001) reported that the increase in tubers potassium content might be possibly due to the role of microorganisms in supplying great amounts of both water-soluble and amorphous potassium which was reflected in plant uptake. Interaction effects between potassium and bio-K fertilizer:
Table (7) indicated that the interaction between the used different K fertilizer rates and bio-K (potassien) had significant effect on N, P and K contents of leaves and tubers. The highest mean value for N, P and K contents of leaves and tubers were obtained when potassium were applied at the rate of 96 or 64 kg K2O fed -1 in combined with bio-K (potassien) inoculation on both seasons. Similar trend was reported by (Ahmed et al., 2009) ) combined with potassium sulphate as mineral-K fertilizer at the level of 90 kg K2O fed -1 In both seasons. Also, (Badr et al., 2006) found that application of KDB with K-and P-bearing minerals on sorghum enhanced phosphorus uptake by 71 %, 110 %, and 116 %; and K uptake by 41 %, 93 %, and 79 % in clay, sandy, and calcareous soils, respectively. Tuber yield and its components: Effect of potassium:
Table (8) showed that application of the highest K application level (96 Kg K2O fed -1 ), caused significant increments relative to the control estimated by 53.7, 14.9 and 33.7% in the first season, and by 52.6, 16.2 and 31.3 %, in the second season, respectively, in tuber yield plant -1 , number of tuber plant -1 , and average tuber weight of potato plants . In a similar study Adhikary and Karki (2006) showed that increasing K application had increased tuber yield. This is because; higher application of K facilitates the crop to have better nutrients and water absorption that improve growth and development of the crop and ultimately tuber yield. An increase in potato yield as illustrated in the present investigation due to applying potassium was reported by Radwan et al. (2011) who indicated that potassium fertilization resulted in significant increase in tuber yield. The role of potassium in increasing the yield and its components because it plays an important role in photosynthesis, regulation of opening and closing of stomata, favors high energy status which helps in timely and appropriate nutrient translocation and water absorption by roots resulting in more availability of photosynthesis to produce more number of tubers per plant. It also decreases dark respiration leading to more deposition of photosynthesis in the tubers Havlin et al. (2005) and Patil (2011) . It also agrees with the finding of Bansal and Trehan (2011) which mentioned that yield increment due to applied potassium through increasing tuber size.
Effect of bio-fertilizer:
Table (8) showed that the inoculation treatment with bio-K (potassien) caused significant increases on tuber yield plant -1 (21.2 and 25.4%), number of tuber plant -1 (4.5 and 4.1%) and average tuber weight (16.0 and 20.5%), compared to the un-inoculated control, on first and second seasons, respectively. These results are in agreement with previous findings of Hammad and Abd El-Ati (1998) who found that the increase of tuber numbers per plant and tuber weight (g) may be due to microorganism's application stimulated plant roots absorption of nutrients and increased photosynthesis process which led to produce vigorous plants, numerous tubers, bigger tuber size and total tuber yield. Similarly Stancheva et al. (1995) explained the effect of microorganisms on yield and its component may be attributed to one or more of the following factors: improving root growth, functions, enhancing mineral uptake in the plant and producing the phytohormones indole acetic acid (IAA), gibberellins and cytokinin, these phytohormones, particularly IAA, play a crucial role in plant growth and development. Interaction effects between potassium and bio-K fertilizer: Table ( 9) indicated significant differences in tuber yield plant -1 , number of tuber plant -1 , average tuber weight and tuber yield fed -1 due to the treatment combination between mineral K and bio-K (potassien) on both seasons compared to control treatment. The application of mineral K fertilizer at rate of 64 or 96 kg K2O fed -1 combined with inoculated with bio-K (potassien) resulted in the highest significant mean values for tuber yield on both seasons. It was noticed that the highest tuber yield recorded with potato plants which received potassein as bio-K fertilizer and K fertilizer at rate of 64 or 96 kg K2O fed -1 was due to the increase of average tuber weight and number of tubers plant -1 in both seasons. It could be concluded that using potassein as bio-K fertilizer had a beneficial effect in reducing the amount of mineral fertilizers added for potato production. These results are agreement with those found by Abou Zeid and Abd El-Latif (2017) and Bhattarai1 and Swarnima (2016) who reported that K application plays significant role in yield of potato tubers which is either due to formation of large sized tubers or increasing number of tubers per plant. Tuber quality: Effect of potassium: Table ( 10) illustrated that application of K fertilization significantly increased plant contents of dry matter, protein, starch and total carbohydrates as well as specific gravity compared to un-treated plants on both seasons. The high K rate (96 kg K2O fed -1 ) gave the highest mean values for these characters on both seasons. On the other hand, the increasing K rate significantly decreased the reduced sugars content and the decrements was more pronounced at higher K rates meanwhile the control treatment (0 kg K2O fed -1 ) gave the highest mean values for reducing sugars content on both seasons. The improvement of tubers quality characters expressed as dry matter, protein, starch, and total carbohydrates contents and specific gravity, as affected by increasing of mineral-K levels may be attributed to the positive effect of potassium on translocation of assimilates Marschner (1995) and Mengel (1997) . Moreover Mohammad and Naseem (2006) stated that the potassium supplied with plant resulted in high nitrate reeducates activity and cause efficient formation of molecules with nitrogen in their structure which is important for synthesis of enzymes and proteins. Likewise Perrenoud (1993) concluded that potassium fully activated the enzyme system involved in starch formation which led to rapid synthesis of starch in potatoes. Also, the results of Marschner (1995) and Gerendas et al. (2007) indicated that higher doses of K lead to a lower amount of reducing sugars content since potassium application has the potential to decrease reducing sugar content of potato tubers by activating starch synthesis. Furthermore, Khan et al. (2010) found that K2SO4 application increases dry matter content of potato tubers.
Table (10) revealed significant results on tuber quality (specific gravity, dry matter content, protein contents, starch contents and total carbohydrates) in response to bio-K (potassien) application on both seasons , except reducing sugars content, the control (un-inoculated of bio-K) gave the highest mean values for reducing sugars content on both seasons. These results are in agreement with those reported by (Khan et al., 2010) who reported that bio-fertilizer application improved plant growth and dry matter production which in turn reflected on increased tuber quality of potato plants. Moreover Martin-Prevel (1989) and Marschner (1995) demonstrated that applying bio fertilizer to the soil or inoculated with tuber, increased the percentage of nutrients in potato leaves, specific gravity, dry matter content, protein contents and total carbohydrates. Also, Abdel-Salam and Shams (2012) noted that bio fertilization increased starch content in potato tuber. Similarly, Ahmed et al. (2009) indicated that the positive effect of bio-K fertilizer on the tubers quality parameters and nutritional constituents is an expected result for its effect on improving plant growth and dry matter production. 
